Abstract -The present work realized a comparative study in meiosis of two triatomines, Panstrongylus herreri and P. megistus, by cytogenetic techniques involving the restriction endonucleases Hae III and Alu I and C-banding. The system of sex chromosomes in Panstrongylus is of the X X X 2 Y type, and experiments corroborated the common origin hypothesis of the X chromosomes by fragmentation of single X. In both species the restriction endonucleases (RE) presented banding patterns in part similar to C-banding. However, in some early meiotic phases it was possible to verify differentiation of the heterochromatic pattern. This work sug-' gests that other elements besides presence of recognition sites, such as chromatin packing degree and DNAprotein interaction, act in RE results, since digestion patterns occur in early spermatogenesis. However, metaphase chromosomes were practically inaccessible to the endonucleases.
INTRODUCTION
It is estimated that about 20 million individuals with Chagas' disease exist in the en demic areas of the Americas (CARVALHO et al. 1993; DIAS 1993; KIRCHHOFF 1993; CARDOSO et al. 1995; GRIJALVA et al 1995; LUQUETTI 1995; GUHL and SCHOFIELD 1996; ALTCLAS et al. 1996; REICHE et al. 1996; COLLI et al. 1998) . There occur approximately 50,000 deaths a year as the result of Trypanosoma cruzi infection (ALTCLAS et al. 1996; GALEL and KIRCHHOFF 1996) . In Brazil about four million people are chagasic (COLLI et al. 1998) , and 10,000 to 20,000 new cases appear annually (REICHE et al. 1996) .
Triatomine populations have wide geographical distribution, being found mainly in Central and South America. The domestication of these insects is a complex phenomenon. Several hypotheses have been suggested for this do-mestication, such as genetic mutation and later home adaptation, environmental and climatic conditions and food and shelter availability (STEINDEL et al. 1994) .
The means of transmission of Chagas' desease can be by deposition of triatomine feces (NEVES 1988) , congenital infection (BRABIN 1992; LUQUETTI 1994 ) and blood transfusion (WANDERLEY et al. 1992) . Trypanosoma cruzi can also be transmitted during organ trans plants, such as kidneys and heart (NEVES 1988) .
There are approximately 100 triatomine species, all capable of harboring T. cruzi (SILVEIRA 1983) . Most of the triatominae subfamily members have 10 autosome pairs and one pair of sex chromosomes or multiple sex chromosomes. The modal number of chromosomes in triatomines is 22 (20+XY) (UESHIMA 1966) . The multiple X chromosomes originated by the simple fragmentation of an original X (UESHIMA 1979) .
Cytogenetic studies of triatomines have revealed that their chromosomes possess a diffuse kinetochore, that is, distributed along of the chromosome and not located in a centromeric area, and an unusual form of meiosis, in that segregation of the sex chromosomes is postreductional (DE VAIO et al. 1985) . A combined study using conventional cytogenetic techniques and restriction endonucleases (REs) contributes greatly in the analysis of chromatin heterogeneity (GOSALVEZ et al. 1987) . The principal endonucleases applied in the study of insect cytogenetic are Alu I, Hae III, Hind III and Hinf I. This work realized a comparative study of P. herreri and P. megistus by cytogenetics techniques of banding with the restriction endonucleases Hae III and Alu I and C-banding.
MATERIALS AND METHODS
The species analyzed were Panstrongylus megistus (2n=18+X1X2Y) and P. herreri (2n=20+X1X2Y) (order Heteroptera, family Reduviidae, sub-family Triatominae) (LENT et al. 1979; MANNA 1995) . The organs studied were testes of young adult males. The insects were provided by the Insectary of the Special Health Service, Araraquara (SESA), which is run by the Department of Epidemiology, Faculty of Public Health, Sao Paulo (SP-Brasil). The techniques applied were C-banding, according to SUMNER (1990) , and banding with the restriction endonucleases Alu I (AG | CT) and Hae III (GG j CC), Sigma Chemical Company. 10 units of endonuclease were used for 100 l of buffer (lOmM of Tris/HCl, pH 7,5; 50 mM of NaCl; 10 mM of MgCl2; and 1 ditiotreitol mM). The incubation period ranged from 16-18 hours at 37°C. Digestion controls were done only with buffer. The preparations were stained with Giemsa 3 % for 20 min in phosphate buffer (pH 6,8) . The photomicrographs were made using a Zeiss-Jeneval photomicroscope.
RESULTS
The present work analyzed meiosis in the triatomines Panstrongylus megistus and P. herreri by digestion with the endonucleases Hae III and Alu I, and the results were compared with C-banding. With the endonuclease Alu I the polyploid nuclei of the nutritive cells of the tubule wall, in both species, presented a pattern similar to that of C-banding, with disperse chromatin and only one heterocromatic corpuscle (figure la C-band and 1c Alu I; figure 3a C-band and 3c Alu I). Hae III presented a pattern similar to C-banding in P. herreri (figure 3a C-band and 3b Hae III); however in P. megistus the nuclei presented only a heterochromatic corpuscle, surrounded by an enzymatic digestion halo. The chromatin showed signs of digestion by being less compact compared to Cbanding (figure la C-band; Ib Hae III).
In prophase I, with Alu I, P. megistus presented heterochromatin with signs of longitudi nal digestion in some autosomes (figure 2 a Cband, 2c Alu I). In P. herreri, Alu I presented a pattern similar to C-banding, that is, heterochromatic blocks located in terminal portions of the autosomes and heterochromatic sex chromosomes (figure 4a,d C-band, 4c,f Alu I). In diplotene the heterochromosomes are also observed quite condensed with both C-banding and Alu I (figure 4j C-band, 4m Alu I). With RE Hae III P. megistus presented dispersed heterochromatin along the autosomes, similar to Cbanding (figure 2a C-band, 2b Hae III). In P. herreri the heterochromatin behaved in a dispersed way along the autosomes, and the sex chromosomes, probably Xs, became digested exhibiting a pattern different from that of Cbanding (figure 4b,e Hae III). In diplotene this digestion pattern can also be observed in the X chromosomes (figure 41 Hae III).
In pachytene with Hae III both species presented a longitudinal enzymatic pattern of digestion of the autosomes (figure 2d C-band, 2e Hae III P. megistus; figure 4g C-band, 4h Hae III P. herreri). Treatment with Alu I produced a pattern similar to C-banding in P. herreri, with telomeric heterochromatin (figure 4g C-band, 4i Alu I P. herreri), and in P. megistus heterochromatic blocks were observed in the telomeric areas with longitudinal digestion of the autosomes (figure 2d C-band, 2f Alu I P. megistus).
In meiotic metaphase, after treatment with the two restriction endonucleases and C-band-ing, the chromosomes of both species became quite condensed and without bands (figure 2g Cband, 2h Hae III, 2iAlu I P. megistus).
DISCUSSION
The sex chromosome mechanism in subfamily Triatominae includes systems of XY up to X 1 X 2 X 3 Y in the male. Systems of multiple sex chromosomes are more common in Heteroptera than in other insects, due to the holocentric nature of their chromosomes. When multi ple sex chromosomes occur in insects, such as Orthoptera and Diptera, there is a tendency for a decrease in autosome number, due to chromosome fusion (UESHIMA 1966) . In Heteroptera this type of relationship does not exist. The discovery of the holocentric nature of the chromosomes in these insects is based on morphological behavior with experimental verification after breaking with ionic radiation. For exam ple, chromosome fragments experimentally in duced by X-ray continued to function mitoti-cally (HUGHES-SCHRADER and SCHRADER 1961).
In the two triatomine species analyzed, the sex chromosomes presented a characteristic pattern of coloration in early meiotic stages. Thus, in P. megistus the heterochromosomes were totally heterochromatic after digestion with Hae III and Alu I and C-banding. In P. herreri, the results with Alu I and C-banding were coincident, that is, sex chromosomes totally heterochromatic. With Hae III, digestion of both X chromosomes was observed. The identical X chromosome behaviour indicates that the heterochromatin present in these chromosomes is very similar, corroborating the hypothesis that X chromosomes originated by fragmentation of a single original X.
The heterochromatic heterogeneity of the X chromosomes has also been studied in parthenogenetic females of the Homopteran, Megoura vicia, by C-banding and digestion with the REs Dde I, Dra I, Tru 91 and Cfo I, and showed that in M. vicia C-bands occurred almost exclusively in the X chromosome. Also, in situ digestion with restriction endonucleases produced longitudinal differentiation exclusively in the pair of X chromosomes (MANICARDI et al. 1996) . Restriction endonucleases can also be useful for the study of B chromosome origin. The hetero- chromatin in the grasshopper Eyprepocnemis plorans was analyzed by digestion with different restriction endonucleases and C-banding. The pattern produced by the endonucleases Mho I, Msp I, Dde I, Bamb HI, Rsa I, Hae III, Alu I and Hinf I was similar to the C-banding pattern, and the endonucleases Hin pl, Scr FI, Sau 96A and Taq I removed part of the constitutive heterochromatin. The results indicated that the evolutionary process generated heterogeneity within different chromatin fractions, and that the material that originates B-chromosomes involves reorganization and amplification of autosomic material (LOPEZ-FERNANDEZ et al. 1992) .
In meiotic prophase I,of both P. megistus and P. herreri, the endonuclease Alu I presented a pattern similar to C-banding. Thus, in P. herreri the heterochromatic blocks were lo cated in the terminal regions of the autosomes, and the sex chromosomes were heterochromatic. In P. megistus, although some autosomes presented regions of digestion, in general, heterochromatic blocks were dispersed along the chromosomes, and the heterochromosomes remained heterochromatic. The chromosomes of the mosquito Culiseta longiareolata submitted to digestion with the REs Alu I, Hha I, Hae III, Hpa II, Msp I, Dde I, Hinfl and Bam HII also presented heterochromatic areas protected from endonuclease digestion with a pattern similar to C-banding. Only Mbo I caused longitudinal differentiation in the chromosomes (MARCHI and MEZZANOTTE 1988) .
Some organisms such as the bivalve Mytilus galloprovincialis, offer examples of a chromosome differentiation pattern distinct from that observed by C-banding. C-banding revealed a small amount of telomeric and interspersed constitutive heterochromatin along the chromosome arms. The REs Alu I, Hae III, Dpn I, Msp I, and Hinf I revealed patterns of specific banding and allowed the detection of heterochromatin heterogeneity (MARTINEZ-LAGE et al. 1994) . In Orthoptera, all the chromosomes of Arcyptera tornosi analyzed by C-banding revealed small centric bands, and some bands occurred distally. Banding with the endonucleases Alu I, Hae III and Hinf I revealed chromosome differentiation similar to C-banding (G OSALVEZ et al. 1987) .
In pachytene of both Panstrongylus species, in situ digestion with the endonuclease Hae III presented a longitudinal banding pattern in some autosomes which indicates the presence of GC rich areas, and the occurrence of enzymatic digestion in early meiotic stages. Alu I produced a pattern similar to C-banding in P. herreri, and in P. megistus the heterochromatin was observed mainly in the telomeric areas.The holocentric chromosomes of the Homopterans Sitobion avenae and Schizaphis graminum were also analyzed by C-banding and REs banding using Alu I and Hae III. In the first species RE did not promote different banding. In S. graminum, Hae III produced terminal bands in two large chromosomes, similar those found in C-banding. Digestion with Alu I presented one of the larger chromosomes with interspersed banding (CELIS et al. 1997) . In the polytenic chromosomes of Drosophila virilis treated with Alu I and Hae III, both enzymes digested the chromosomal DNA, except for some areas that contained repeated DNA (MEZZANOTTE et al. 1987) .
In the chromosomes of the Orthopterans Dociostaurus jagoi and D. genei the REs Mbo I and Sau 3A digested extensively the centromeric area of both species, and heterochromatic supernumerary segments present in D. genei were digested by Alu I. In both species, all chromosomes presented pericentromeric Cbanding. Most of the enzymes applied pro duced patterns similar to C-banding. However, Hae III and Hpa II digested certain pericentromeric bands in D. genei (RODRIGUES INIGO et al. 1993) . The REs Alu I, Dde I, Hae III, Hinfl, Hpa II, Mbo I, Msp I and Taq I produced longitudinal differentiation in the chromosome com plement of the Orthopteran Oedipoda ger-manica (LOPEZ-FERNANDEZ et al. 1989) . In Ten-ebrio molitor the constitutive heterochromatin revealed by C-banding occupies extensive blocks in the pericentromeric areas of all chro mosomes, and the Y chromosome was heterochromatic. The endonuclease Alu I provided a pattern similar to C-banding, while Eco RI induced a reverse banding pattern (JUAN et al. 1990) .
Evidence suggesting that the resistance of some C-banding to restriction endonucleases is due to lack of cleavage sites is not very probable. A series of factors influence enzymatic digestion, such as degree of chromatin packing, DNA-protein interaction, size of DNA frag ment generated, enzymatic conformation and methylation. For example, the activity of Mbo I is inhibited by adenine methylation in the GATC sequence, and cytosine methylation inhibits Sau 3 A (GOSALVEZ et al. 1989) .
Results of the present work indicate that other factors other than the presence of endonuclease recognition sites act in the results obtained after treatment with REs. The two triatomines species analyzed with Hae III and Alu I presented digestion patterns in early meiosis, that is, the confused phase, pachytene and diplotene, and also in the polyploid nuclei of P. megistus. However the metaphase chromo somes, whose degree of chromatin packing is high, became practically inaccessible to endo-nuclease action. Thus chromatin packing de gree, some type of DNA-protein interaction or other factors must have influenced the results, impeding endonuclease action or turning the DNA an area of difficult extraction, even after cleavage. In Allium subvillosum the heterochro-matic regions were practically resistant to enzy matic digestion, and digestion of these areas with the REs Hae III and Msp I occurred after treatment with proteolitic or nucleolitic agents, which indicates presence of proteic interaction interfering in RE action (FERNANDEZ-PIQUERAS et al. 1992) .
Some authors believe that the DNA of all chromosome regions is equally accessible to restriction endonucleases (MILLER et al. 1984; SENTIS 1988; LOPES-FERNANDEZ et al. 1988) . BIANCHI et al. (1985) reported that the restriction endonucleases Alu I, Mho I and Hae III induced similar bands in the G1 phase pre-condensed chromosomes when compared with the bands induced in the mitotic chromosomes. These authors affirmed that chromatin organi zation has no role in the mechanism of chromo some banding by REs. However, GOSALVEZ et al. (1989) believe that the data are not conclusive. Different organizations of distinct chroma tin classes can affect the action of endonucleases on chromosomes (PETITPIERRE et al. 1996) .
RE activity on chromosomes is not only related to the presence or absence of restriction sites in a specific chromosome area. For exam ple, the endonuclease Eco RII, although capable of cleaving extensively purified mouse satellite DNA (SOUTHER 1975) , does not attack satellite heterochromatin in cytological preparations of mouse chromosomes. Also, LICA and HAMKALO (1983) demonstrated that the activity of the endonucleases Alu I and Eco RII in metaphase cells is possibly affected by the high degree of condensation of centric heterochromatin, while MEZZANOTTE et al. (1983) postulated that the activity of several restriction enzymes on human chromosomes depends on chromatin organization.
Human and mouse chromosomes treated with isoschizomers Mho I/Sau 3 A and Eco RII/ Bst NI presented different results, indicating that factors other than DNA base composition can affect in situ digestion by restriction endonucleases, and that enzyme structure can be a factor. The isoschizomers Mbo I and Sau 3 A produced the same effect on the chromosomes of the grasshopper Oedipoda germanic. This indicates that differences in chromatin structure of different species can be important in determining the activity of endonucleases on eukaryotic chromosomes (GOSALVEZ et al. 1989) .
Little is known of the role of endonuclease restriction structure as concerns DNA digestion. Differences such as molecular weight and RE amino acid composition can explain the results of the activity of isoschizomers on chromosomes (GOSALVEZ et al. 1989) . In this manner restriction endonuclease structure, as well as the interaction between the restriction endonuclease molecule and chromatin structure organization, are factors that should be considered in any conclusions about the effect of REs on in situ digestion. 
